Objectives: The objectives were directed toward understanding the transport of chemical species in nature, with particular emphasis on aqueous transport in solution, in colloids, and on particles. Major improvements in measuring ultra-low concentrations of rare elements were achieved. We focused on two areas of studies: 1) Field, laboratory, and theoretical studies of the transport and deposition of U, Th isotopes and their daughter products in natural systems; and 2) Study of calcium isotope fractionation effects in marine carbonates and in carbonates precipitated in the laboratory, under controlled temperature, pH, and rates of precipitation.
Project Results: A major study of isotopic fractionation of Ca during calcite growth from solution has been completed and published. It was found that the isotopic shifts widely reported in the literature and attributed to biological processes are in fact due to a small equilibrium fractionation factor that is suppressed by supersaturation of the solution. These effects were demonstrated in the laboratory and with consideration of the solution conditions in natural systems, where [Ca 2+ ] >> [CO 3 2-] + . The controlling rate is not the diffusion of Ca, as was earlier proposed, but rather the rate of supply of ] ions to the interface. This now opens the issues of isotopic fractionation of many elements to a more physical-chemical approach. The isotopic composition of Ca Δ( 44 Ca/ 40 Ca) in calcite crystals has been determined relative to that in the parent solutions by TIMS using a double spike. Solutions were exposed to an atmosphere of NH 3 and CO 2 , provided by the decomposition of (NH 4 ) 2 low Ω. It is concluded that the diffusive flow of CO 3 2-into the immediate neighborhood of the crystal-solution interface is the rate-controlling mechanism and that diffusive transport of Ca 2+ is not a significant factor. The data are simply explained by the assumptions that: a) the immediate interface of the crystal and the solution is at equilibrium with Δ( 44 Ca/ 40 Ca) ~ -1.5±0.25 ‰, and b) diffusive inflow of CO 3 2-causes supersaturation, thus precipitating Ca from the regions, exterior to the narrow zone of equilibrium. We consider this model to be a plausible explanation of the available data reported in the literature. The well-resolved but small and regular isotope fractionation shifts in Ca are thus not related to the diffusion of very large hydrated Ca complexes, but rather due to the ready availability of Ca in the general neighborhood of the crystalsolution interface. The largest isotopic shift which occurs is a small equilibrium effect which is then subdued by supersaturation precipitation for solutions where [Ca 2+ ] >> [CO 3
2-] + . It is shown that there is a clear temperature dependence of the net isotopic shifts, which is simply due to changes in Ω, due to the equilibrium "constants" dependence on temperature, which changes the degree of saturation and hence the amount of isotopically unequilibrated Ca precipitated. The effects that are found in natural samples, therefore, will be dependent on the degree of diffusive inflow of carbonate species at or around the crystal-liquid interface in the particular precipitating system, thus limiting the equilibrium effect.
The second study treats the problem of Sr isotopic changes in aquifer waters in carbonate terrains. It was found that while dolomite dissolution, calcite precipitation, and clay exchange may govern the bulk chemistry of such waters, the major source of Sr is from the dissolution of the minor phase anhydrite. A theoretical model was presented that showed that the coupling of intrinsic reaction rates of the participating phases, the concentration of Sr in these phases and the modal abundances of the mineral phases are the key parameters. Large amounts of anhydrite or clays are not at all required to provide the bulk contributions found in solution. The approach laid out in this study has broad implications in problems relating to understanding and modeling of element abundances in groundwater.
